The evolution of an experimental distal motor axonopathy. Physiological studies of changes in neuromuscular transmission caused by cycloleucine, an inhibitor of methionine adenosyltransferase.
Cycloleucine (CL), a synthetic amino acid is known to cause degeneration of motor nerve terminals. This paper describes the changes in neuromuscular transmission, the morphology of motor end-plates and the responses of muscle spindles after a single dose of CL was administered to weanling and adult mice. Animals were allowed to survive for between 12 h and 7 days. Twitch and tetanic responses of muscles stimulated through their nerves fell dramatically within 24 h in both young and adult mice and intracellular recordings revealed that a large proportion of end-plates in calf muscles became denervated, whilst at other end-plates intermittent failure of transmission and end-plate potentials (EPPs) with prolonged latency were demonstrated. End-plates with an abnormally high frequency of miniature end-plate potentials (mEPPs) were found in young mice at 12 h, and in the adult mice at 24 h. Morphological abnormalities in intramuscular nerves and nerve terminals included areas of electron lucent axoplasm, swollen degenerative mitochondria and loss of synaptic vesicles. Over the next 2-3 days further reductions occurred in the number of end-plates at which mEPPs or EPPs could be demonstrated. At 7 days a limited recovery of function occurred in distal muscles but proximal muscles, hitherto unaffected, now began to show abnormalities of transmission. Muscle spindles were found to be both functionally and structurally intact. It is suggested that this acute distal motor axonopathy is due to abnormalities in phospholipid composition of the axolemma of motor nerve terminals resulting from the failure of methyl-transfer pathways. These abnormalities in phospholipid composition might cause an increase in microviscosity of the axolemma and hence a decrease in efficiency of ion channels and pumps responsible for maintaining electrochemical gradients, essential for the structural and functional integrity of the neuromuscular junction.